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(57) Abstract: An optical semiconductor device in which a combination of materials of different retractive indices and temperature 
dependences of the refractive indices is used and an optical integrated circuit are disclosed. Especially, the temperature dependence 
of the oscillation wavelength can be controlled by a propagation region having a material and/or structure different in the temperature 
dependence of refractive index from that of the gain region of a semiconductor laser. An optical waveguide can have a structure in 
which interfaces are formed along the light guiding direction, and light reflected from a first interface is weakened by the light 
reflected from other interfaces. Further, by disposing the interfaces at angles with respect to the light propagation direction, the 
waveguide loss due to reflection and refraction between optical waveguides of different refractive indices can be reduced. 
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ltfgsw-sn, i$3hb*$2 1 1 te\mffim<Dmmm?vkmimmmR 1 l&cttf 

25 R«««R 1 2 £r»&Sfi£ttftim2 0 3*9fe*$nT^S. 
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ftm&mhfSL^temmmR 1 3*¥m&&m2 o i±\z&!&-?z>mi 

&Mffi±m2 o 9^^$n, ¥##s«2 o lommizte, mmmm2 o 
Msnt^s, cciT?, fim^R 1 1 <D-&t£\t. mnmmR 1 1 wras 

fc®.*&^rc.mmmmRi i\zmzzt\z&r), nm**kvzit^. v-^m 

z.<Dr£tb, mnmt&R 1 1 , KummR 1 2 &£zmmmmR 1 3 
15 skas*? £ t&vsmtte v , mmmmR 1 1 & &z$%iMmmR 1 2 t©i 

*Mffl?z>z\}itf*sm£tsL2> 0 z(Dfc®, mmn%m^z>z.tfc<. mm^m^, 
20 &&zt®Bm\\i:jj&&m^z>z\tiz < kr), ^m^u—ifomm^fD^mt^ 

mn^vu^mm^Ri 3©s$«, m^m2 0 2^j;»s#:« 
2 0 4^n^n^^snfeiatif^©^imifij#^b^vi^^R 1 3 

25 &/£<&3£-5fcis:5rr ^>^t^i?#§ 0 ^ntcd;f9> lmoM*:— k©^*® 
¥mfct\m<Dmffim<Dmmim&*m^mmffimttm2 0 z^m^^mz^> 
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15 f£HI 2 0 2 ICWbTH InGaAsP, GaAs« A 1 G a A s > InGaA 

s , g a i n n a s ^^MfDum^-D^xmrn^mx^ d > mmm 202© 
nx%z>o mzM. m%<D¥m&u-tfxmKbnT^%frmmv&iibmm (s 
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5 bT,ffJ#^R 1 l,<jgtt1HttR 1 3 33«fctfE*MH«R 1 2£EebTfc<k<, 

R 2 1 tCjajff^Ofifttt#tt^^S¥a#«#b^&^M«R 2 2 
H6te*JV>T, ^S«3 0 1±Wt )feJmm?mmtR2 1 

CUT, ?iJ#M2 1dt ^i#S«3 0 1±{CM$n, %h& 
tt*»ofcf«#&WrSflHtJi3 0 2HmVr*>tlTte2>* ^tT, igftJi 3 0 2 

tt, ^E*f*£i:fcoTV>S. 3=fc, ffitt!3 0 2±*cfej\ HJ13 1 0 

^bTtl3 0 5«Snt^5„ ¥iMt3 0 1*«fc^7yH 

A 3 1 0 t UTtt, «Atf, I n P> 3 0 2 £ LTH %3Ktt« 

1. 5 5Mm0Ga I nAs P^V^Ctra§, 
20 $ 6 fc, fcJM^R 2 2 tte, 3 0 1 JhODigteg 3 0 2 & ^ 

y H® 3 1 0©-SBSH^*r*JltT?^$nfeK^IS«3 l 2jWR#&*U & 
*««3 1 2 ^«B^com^##^fiJ#^R 2 1 
3 0 33&%W$nTViS. ' 

&33, *M*3rl/fctr>«»KK#R 2 2 3 o i±fc^-rs#^, 

• R/iKtt-r *>Xy5 i >^f<7)^^X^5 1 >^^ffiViTflJ#^R 2 1 
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* tt, «s«a^tt&«po fcf ijft^R 2 i TSfi^fc l < «ixft$n*:»t, 

10 fflft£*L&t*£MttR 2 2$ii?, iff £1*013 1 1 IZ&VRHZtl, 

z.<Dtc&>, mnmmR 2 1 ^xsmmmmR 2 2 &w-if^jgfc^:b£i*5 c 
ta^snt^n. $mmmr2 i-v<Dmmm{£\z&z>%$mm<Dmh&. &mm 
15 ®R2 2T?<Dmmmt\z&zmB(DmhT?ffim?zz£&iQM£f3iZ 0 

20 frnzmv^mmmR 2 2 ©ssfct m&m 202 ^^snfe® 

#*^©^££#j»£Wbfcv>e»««R 2 2-©*s©»fc«k Dftjesnam 

±5fib^sfete«Ttt, fc^m&h%m>hmvtsi\,*fcmm®R2 2^ 
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22H »3>e*r*jeai*%vjfca&, ^*r^ , b^^att*wrs^«^vi 0 
2nt.®6<Dm&mz o 2<Dmm\zmvx}*.mzm®&mtz%<px}s.tii<, 

tl3 0 2l:||im InGaAsP, GaAs, AlGaAs, InGaA 
s , G a I n N A s fca&M<DttmZ'0^xmm&nSmX& 0 , TSteJl 3 0 2© 
iI(cMtT%, AM^, MQW , t^HyhSHl. 

cH#tit) oscHi±«$tiT^T^<, &tc. m&mtmvx^m* 
$ e> f m&m viz ^fcmmm<D±Th v < < 1 «& ^ 
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^R2 l&«fctfej|Kg#R2 2£@agl,T ! b£<, TJ1:£|*1<& L < « 

m7\Z^X, ¥##S«4 0 1Ji^^ ^*51^tt^o^iI#^R3 1 
fUf#£WL&lM£$&M5R 3 2^jg$n> ^«3 2CH JBtlf^©M^ 

tt^tt*«?u»««R 3 1 t\m^mmmmm4 0 4#«te>nw3 0 

?iJ#fiS*gcR 3 1 fcte, ¥iMt4 0 l±iC«P$nfe^^-/^I^S 
4 0 2^^»77 ^SttJl4 0 2±fOtJl£n, ^SjliRtt^WT^tt 
M^4 0 3^^te>nTV^ o ^^y^SltjS4 0 2^ 

§*i*l4 0 9 a, 4 0 9 b^stC^ii^nfcm^^Wb, ®te£gi&4 0 3 

M4 0 8 a#£Z$i?7y H® 4 0 8 b^S{C«Jl$tl^3t^#-r^ 
^^5. ^^T, *£#^4 0 3_hfcfci, ^£ffit*$-tJ:3|IS§Pg&4 0 6^ 
^tte»tlfc«^4 0 5^^$tlTV^ 0 *Uf#^R3 1te, ^©^rTft* 

fU#£&o Tt^& < £ < > fl JftflBSR 3 1 VTfflmm Ztlfttt&^o 

££T\ ¥mfa&U4 0 lttm InP, ffitt!4 0 8 a&^tf 

^77HI40 8bi UTH M^.^ Ga I nAs/InAl As, ¥*i#:Jl 
40 9 a, 40 9b,!:tTll InAlGaAs/I nAlAsSffl^ 

migffi{f#i^4 0 4ibT«, mtux. *mfat\zm<Dmffim<Dmmik 
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O10«ffidt a®tg4 0 7«$nw§« ddT> ittl^4 0 3© 
*£&J14 0 8 a&£W7?y HJ14 0 8 b GD&Jl£fcKiu ^n^TteStttl^ 

Wb&.WSMi^R 3 2 feSUHHD, «SS^ttS»ofcfa»fli«R 3 1 tM§ 

tote®. &®ttntt<Dm<D¥mfc&ft0ttH&m^&z£&~?&, mom 




WO 2004/088802 PCT/JP2004/004517 

27 

M-t&Z\t&X%Z> 0 

-?tzt>%, ^tt^4 0 3l;|LTH InGaAsP, G a A s , A 1 G a A 
s, InGaAs, Gain NA s taEHM(DMmz^>^xmm^mx$> K> . 

o 3<DmmizMVT<b, mmmzmmvxmm^^m^mx$>n 

%kmm<Dm$L®mm\zMisT>b. vnm®&&, ^mmm^^mm, mtwm 
m^m^m^^\zvx%^ 0 ^mwmwLAo i\zm\,x%. nmmmzm 
mznzhvxtetK. pise ^mmmm.^m^^izvx^^K 

m s &t ^mmw, 5 <Dmmm\z%^m^v-^ (Dmrn^ytrnm^^z^ 
x*<?mmmx$>2>o tomsommmu, ytmmmm^^vx^m 

mmR4 2ti*m-&'tz>z\}i\z£V), mm^om.m.mf&*Mm-?z>& c D\zis 

ms\z^x^m^mm.s 0 i±iz\tM^m^^-Drc.mnmmR4 1, 

K§tM5 1 243«fct^#£^bfcV>£$^S&R4 2 3«frS>n> 5pJ#««R4 1 

tfcmmmR 4 2 512 ^vxyt^mzm^nx^^o z zx, m 
nmmR4i \z\t, ^m&mwis 0 i±\zm^n. ^.■mm^^n-Drcmn^ 
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£&oW£ 0 ffitt)|5 0 2±lCtt 4 ^7yHl5 10^tTii5 0 

5*«^$nTVi« 0 ^^3|«*:S«t5 0 lte&ZS&vy KJB 5 1 OtUTtt, 
m%.U, I n P> 5 0 2i bTte, mX\Z. 1 . 5 5 wmOG a 

5 I nAsP^ffl^rt^Tt^ £fc> *MM*3£K5 0 l±fctt, ftlflHMR 

^ltM5 12 ft $fMtttR-4 l©$H8B©*7y FJ15 1 0§Xy^U S 

9 o mtcvfomsnrzLffimm*? ? v hh 510 tc^-rs c t icj; 0 

10 ^«M^R 4 2 K:«JB»f*©ia«ft#tt*«5pj#ffi«R 4 1 1 ttS^sffl 

mmmms 0 3#H:w-&n* fi&fttflttms 03H sums 1 2£i*j^#5 
*«R4 2», ?«#^R4 1 e> m&f £ tifcmmmm 5 1 2Ts#$nrM 

ftftMttms 0 3 tS§*T0Mt, fifttt**m5 0 3 £a>5«&f3;Li: 
15 ^T^^) 0 

mm&m v > s n 1 7?#$dS3c &4£«t- © c t * . 

&J$R 4 1 fgftJl 5 0 2«$nfcfi#:ii5 0 1 ©ffiTO 
25 \ZttVTs K%tffi±m5 0 8^^^tlT^^o ¥«#£$5 OlCDl 

w»ir«r4 i o&^foKimik&*%<ftMvm*&5\zmj£r zztw-vz 
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KMtstitcmz, mn&mvm*mm®R4 2*nmMr). Kims 
tfimmtM, mnmmR4iT?<Dm^fc\z&z&mmk<DmB}&* fcmm 

& «k tX^B fcinxari* & JB £ £ £ te<fc D » if ©SSSifcReD&j&ffc; £ 

&33, bfcV>eiM«R 4 2 5 0 2 tzmtbtlfcm 

&fe^<Dm%i&tmn&mvm*mmi&R4 2<D^<om\z&Y)$:fezn%>m 

Z ttmnt.U K) , m<Dt8rE— b* CD* lJf#£flJJEf 5 £ £ § Bjfg t UTx 

25 l&j^ mmmmR 4 2 z t-v, &M<DMmikw i &*m-o*mfc 

%z£rf^% o £^ m %_^ mffife?mft<D¥m<*&Qh*:&tsimm&<Dffi. 
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a 8 ofgttii 502 (DMm\zm VTfc,mzmm&miz> t> < v 

0 2fcHl/m InGaAsP, GaAs-. AlGaAs, InGaA 
s , GalnNAs fcE&M(Dttn\Z~D^Tmm&»SmT& fgftJl 5 0 2 (7) 

^itfcHLTfe, mqw (#s*?#f) , *?Fyhsra 

lfcMUT'b, nMmm\zm.Misn%h<D-v\tti:<, pise 

yttDm^m^^mmm^m-r^mmizm^nx^nu. mmtzmmm 
arc**. MZ-U, mi%<D¥mte\s~^m^znT^zftmmv&tbffim (s 

b 9 #fB93©ii£6 (Dnmm\z&z¥m&u-tf<Dm&*ytmmjjmzmm 
\zwmLT^Tmmm-v&%o zwmeommmz. yt<Dfcmmm£ffiB 
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®9Alc43ViT, ¥*S#:*I£6 0 1±£«, Ay7yJi6 0 2, ^fflCii^S 
6 0 3, 371604, ftMC&i&JB6 0 5*mt7^16 0 6#*N&ft|£jl 

5 1 3, 37J1 6 1 4, ytmC^me l 5*«kr£lr*y:/Ji6 1 6#*JH 

&&JI6 2 3, H716 2 4, ftS!C&8&S6 2 5^^t7^l6 2 6 3&tJH 

10 H9DK:*lriT» ¥##S^6 3 l±id«, A>77i6 3 2, ftlBD 

&&J16 3 3, 3716 3 4&&lS*w7m6 3 6#m^»JI$tl, Ens* 
JP«iii6&^JB6 3 7Titse>ii^nTV^ 0 

Sfc, 09E(C^T, ¥i#S«64 1±Wl A*y^T)i6 4 2, JtfflU 
&&J16 4 3,. 371644, ftB!C&g>Jl 6 4 5 :fe«fc0^r* y y°M 6 4 6 **JI@ 

15 ymmtsn, cne>#s«, BCB^twiw 6 4 7t«J6MnTv^. 

12 9 B ©37® 6 1 4«, i9A©37!6 0 4 <k0 t>JPSj&**<& 
oW£o Z.<Dfc#>. 7K¥7jIrI^7^— ;PH^F 1, Fll»$t5e: 
mm^O^ty^— ;|/H^F2, F 1 2 £^fc£i±§;i£/^nltig£& 

m 9 C ©37® 6 2 4&££J%g!C&#>J! 6 2 3, 6 2 5te, i9B© 
25 37J16 1 4££U%giD&g)Jf 6 1 3, 6 1 5iQ>b|«S:oT^. d 

(Drctb, mm^moyty-f— ;ph^f i 2, f 2 2£Ms$i2r5££&<, 7 k 
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£^<ffc£i*£ 21 t^RTtlt^ D , EI 9 B ©#!/& £ m 9 C 0D»^ t $|ft^t>*« 

0 9D©«j£"m, EI 9 B ©$f J&fcJ£^T, 3 3 3 ©_bJB©3teB§ 

3 5#t#ffl§£:nT^£o £©;fc2&, zKVj&IrI©^^— ;H«^*F 1 
5 1, F3 l£^b£i*£;i£fc<, gfi:£fa©^:7-f-;WF$M&F 1 2, F3 2 

^F-$#£Sfc 6>-&^> £ tj^CfrS. £©*&** EI 9 B ©fltofctB 9 D ©i^tT, 

HI 9 E©#tofcTfck 0 9 C©S«)ji*ji 6 2 7 fcKW-*ftto t) IC, 
#J|Bf6 4 7^fflV^tlTV^ 0 £©£:&&, mW35\ft(Dyt7 J — ;U F#3fcF 2 2, 
F4 2£^rb£i3r£ *K¥:£fa©ft:7>f-;|,FMfF 2 1, 

£09 E©*j££*»^fc>li:SE£fcJ;KK If ©SaBife*©ffi«ft 

20 ©&Jfc&fR] o Tft © yj-)VYtt1$ £ i± 3 £ <h ^nJtg <h & D , |^-CD 
V^T¥¥# l^— tf &fftj£ l,fc«£-fc:&U>T U~!f ©BSifcB 
©ffl&&#te£fW«*r* £ t^-BJtlt^S. 

¥#^S^6 01, 6 11, 621, .631, 6 4 1, Ay77l6 0 
2, 612, 622, 632, 6 42, ^^7^16 0 6, 616, 626, 6 
25 3 6, 6 4 6:fe«J;t*£8&&#.JB6 0 7, 6 1 7, 6 2 7, 6 3 7tLTH 0UL 
I nP, 371604, 6 14, 6 2 4, 6 3 4, 6 44tbTH MZ-tts 
583K$fil. 3 Atm©Ga I nAs P, ftggD&#>jl6 0 3, 6 1 3, 6 2 3, 
633, 643, 605, 615, 625, 6 4 5 £ LTte, WLfo fflbtit&. 
1. 1 wraOG a I n A s P &^tl-?nffl t,i§ ^ t^Tt 
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mmmmt\mt^un^m^ it^mmwmm^^Bfs:minz^ 
mfcu-^o^m&m<Dmim?&*ffiM<D{mzmfflT*%z>o mz, mn&mrz 

(Mmytmmmz&tf&jfomm) 
mz, ^mmorn 2 (Dmmmm iz^mm^tmmmz^xmm^m vm* 
*>mw-?2> 0 z.<DW,2(Dmmm\z^fi\^ ^m^m^mt^^mw^mm 
10 ®£\mffim<Dmte&mfrzt£%ftm®.mt<DMmMm. uzmzznzm^ 
rcyt^m^m^^zsytmmi^mmmm^mm'r^z:^^^ mz, &mn 
&m\z& v) , mffim&mtaz mfim&znrcmsiz&^TfcM&i&M-z&z z 
tfirvsntfeZo ut. ^mmmm\zm^<^(DM^mummm\z'D^xm 

15 ®io *%w(om 7 (Dmmm\zm^mmytm^<Dm^m<Dmmm^^ 

& 1 ^inio, ytmmv&mwR 6 1 t^wm^R 6 2 tvmmz 
&tf%Kmzi&M-?z>&z>\zvrcih<D-v&z>o 
mi oiz&^x. *mfamm7 oi^i ^wmrg 1, ^ag 1, 
20 ¥#*M£b 6 1 &&z$ytm$i%kmmR 6 2 ^^^nsjtc^o TM^^snx 

B6 H13tiMMR6 l©^ii<fc|WI-i^§J;5fc^-r§Cli^T^^o 

»6 i&£w^#^B6 limmwLjjfa&mwz&sizmwzn, 
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^LT, MA 6 1 j;tK^##^B 6 10DJ¥$tt, ftft&ttMtR 6 1 

tilA6 1 MA6 1 fcaNWfcKB 6 1 £<D#®T 

Rltbfc3te^cfc W2»#«B 6 1 ^3fe#^SSM^R 6 2 t(DmS^RHL1tyt\Z 

io ^Wt^R 6 l *W^$tifc¥^S«7 o l <z>xy^>^jni£ 

ff^Jiticj;^, Ma 6 i*3j;tK###^B6 i&¥2*#®R7 o nzmmt 

S^imS, Z\<Dtctb, »^I^R 6 1 tM»MR 6 2 t 
K:RitB&ihJBIS^"r« E£fc< , 3fc3»»[WHfi«R 6 1 62<h 

15 %Z£tf»Smf&Z>o 

£ e> fc, 7 0 1 \Z*m&UB 6 1*1 ££T, 

ESM^R 6 1 t^ifc&^R 6 2 £©&J|Lfc:m*SKtt£<E»«*'&* £ 

20 0©5tWdEriRifc:»ofcx i - xinf«»fi/&ffiiHTf*5. 

01 ltd^^T, ¥##^&7 0 l±fclfct, H7I7 0 2 a, 7 0 2 b/^Jf £ 
*l, 37I7 0 2 a> 7 0 2 b±fcfci:, ±g&# KJi 7 0 3 a, 7 0 3 

n^tmm-znx^&ofsi&.mm&mm? o ij&j;tf.i:a5*9y h*i7 0 3 a, 

7 0 3btUTH M;lfc£, InP, 3717 0 2a, 7 0 2biLtft MX 
25 SBftfcSl. 3/imOGaInAsP»S^t!lttf§, 

3717 0 2 a, 7 0 2 b&^OUigB^y FJf 7 0 3 a, 7 0 3b£ 
¥##S1£7 0 l±fc«C9lS-rs*£\ MB E (mo lecular 

beam epitaxy), MOCVD (metal organic ch 
emical vaper depios i t i on), $5WiALCVD (a 
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tomic layer chemical vaper depiositi 
^bT, 371702 a, 7 0 2 h&£Z$±&>; ?y Fjf 7 0 3 a, 7 0 3b 

\^\zMvxmmzmm^nrc.md ^^7 0 4 a^wsit^i:, ^704 

a^&m^pgd 2 ^tRSTT@Hg$n^:^7 0 4b§fiMl7 0 1 ±\z 

^l/T, P7 0 4 a^«TO7 0 5 a <h <h t> tCU 7 0 4bt 

^^#^7 0 5 b£*&&tr;i<i:fC£D, ytm®.mmm,R 6 1 i(5D#®^@B 

z\n\z£.r>^ ytmm&mmR 6 1 ^ytm^mmR 6 2 i©^#^*3^§sit 

mz&vzBimi&m^zftt>mv&t>&z>z\t&T?%z> 0 
z\<Dtc®. ytrnmsmmR 6 1 tyem^mmR 6 2 tcD^tc^^^sisf^ 

mmmmmR 6 2 £&iwi— ^m^rnm 0 i±^^t--s^^^Bitg^D, 
mte&mffim&m^ttm&m^z>z\ttfi?%. mtu*. bcb (Benzocy 

clobutene) *mtfZ>Z\£tf~T?%% 0 COMS, ^»I^R6 

&z$¥mfemB 6 1 (Dm&mm mt 3 . 12, _^#^m^r 6 2 & ^o^a 
m?$A6 i&&zsytm$i&mmR6 2\z&v%mm%!kte, ^nsoi 
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Z.<Dfz®, Ml 0 <DX I I -X I I «n?iiD»rLfcB 1 1 CDUfM^B^rS 12© 

5 A6 i&&z$ytmw.&mmR6 2\za7m&mfz&5\zvf£h<D-c&% 0 mi 
2\z&\,*x, *m#mi8 o i\z\t, ymwMmR7 1, »7 1, 

-rutt* *mfcMfc8 o i±(c«> r3Tii802a, 802 htmmtstu 

371802a, 8 0 2b±\ZU> KJ18 0 3 a, 8 0 3b^n^ 

io nmm^nx^o mmi^mms o i&&zfi±B9?y h«s o 3 a, 8 

0 3btLTH M*.fc£v I nP, 37JI8 0 2 a, 8 0 2 bibTH 
SBfcifcftl. 3 jLtm<DGa I nAs P^fflV^^<h^T#§o 
-ebT, 37J18 0 2 a, 8 0 2b*5J:tf±^7y H18 0 3 a, 8 0 3b 

15 ftfc^LTMK:IBg3tt&$Pi8 0 4 a^MtSttfel:, i»8 0 4 afr&Br 

mmmmfmxxmm^nrc^m 8 o 4 b soi ±fc»^r<5. 

«€-UT, ^7yF18 0 5 a, 8 0 7 aT^tlfe37l8 0 6 a^f8 0 4 
afc«8M&tr££fete, 5777Hl8 0 5b, 8 0 7 bT#?£n£:3 7JS 8 0 6 

20 nfesisuA 7 1 * £ t *«RiiBi:fes £ £ *> \Zs mba 7 i frz^mfcm 
b 7 1 &mxxmm-zsmtytm®mm.mR 7 2 &jef&rzz.tiftv%&. 

Z\Z\X\ 3718 0 6a, 8 0 6b©^i:im M^t«, BCB£fl§V>5 
££5&*T#, #^yFJ18 0 5 a, 80 7a,,8 0 5b, 8 0 7 bGDWf^LT 
fci, 0»J*.fc& 3718 0 6 a, 8 0 6 b <k D fcJSJJfWfSV^U-r S F£J3V>£ 
25 Z\ttfX%Z>o 

zn\z£v, y&mmimR 7 1 tyemmmmR 7 2 tommz&n&BiM 
zmfc-z&zz.ii&vsmtV'D-z), m^A7 i&&&ytmm&mmR7 2\z&w 

tz&,mi o<Dytmm.mm®R6 ltz&ttzwxfonmm&ik&mzzizisbiz. 
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miooxi 1 1 -xi i im^mistcmmmmzmi 3<Dmwmm\zm%m 
mi an ^BJ©B9©^»!i^^^ii^#^(DW^^^^rRi 

tiS^-r^^lRj^oT^-rraglT^^o 01 3Jc::fc^T, ^#:^9 0 1 
5 _t£te, 3719 0 2*itf±i^5y FI9 0 3 3W«^MI$nTV^. *L 
T> ±«^9y HJI9 0.3, 3719 0 2 9 0 1 ©Jhffitt, }fc 

i^lSlCt&oTX h7l'^(IX7^>^JlDI$n,' ±g|5^7^ H19 0 3, 
3719 0 2 &&ZPm&£ML 9 0 1 ©±g&<DMffl£», 9 0 4a, 

904 b#^n^n«$nw3 0 

10 sft*, ¥*tt£K9 0 1, Jt»*^ K19 0 3*^tf««>&JW!9 0 4 a, 
9 04bttm InP, 37l902tbm fi^i&S 

1. 3 jum©Ga I nAs P^^it^f 

fc*, h i o wmxmmmR 6 2 ic*itft«t»Aa)«iid^e«fliA«^»ic, 

H 1 0 OX I V-X I V«Ti»IKbA:IK1if«Kfi«Bg 1 4<D»riii(:ff^^ 
HIl 4tt, *^BJ(D^1 0 ^MM^#^*m^^0DW^§^^ 

20 i^tie2flrr*^k:^oT^-r»fiifBiTf**. shk^t, ¥iMiio 
o ^9yF«ioo3fcT«ffl*ffl*nfcarjiioo2*«^$n 

TUS. ¥##3M£1 0 0 1 tbTtt, WAH InP„ 3711002 

OWtbTtt, BCB, H11 0 0 3©#»iLTtt, W*.fcf, 

25 uitifCck d> ft*au&mtR 6 1 tsmtmmmR & 2 tvmmz&vzRH 

Ml 1O37I7 0 2 a, 7 0 2 bOMfclLKt tt£A!ftJ«H!t* 
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JB#f**^*Wte«k t)^> F< y^^nfc^BIIHDjiJ&^nlSji (S CH) 
^> JB*f**«l»Wfc3Cfls«'ftfclW*aiff* (GI-) SCHtbTfeik 

mz^mm^mm-r^m^ *7£vxm&mm%m^x% 

«fc<, ^Of^H AVl/^ MQW (#Sa^#F) , *?Kvh£ 

HbTt), I nPM^Ga I nAs F<?mfr&t>1k\Z.1BfciStl&Z.iiU<\ G 
aAs, AlGaAs, InGaAs, G a I nNA s t£E&M<DMmz-O^X 

mi 4<Dymm&ffi&R6 2\zmvx%, wizmm^m^hoxu^ 
<. u v5?mfe&^M*vmm&^&m^2><i:5\zLx%&\,\ 
15 ut. mi i<DmMM<D®mmft&£QmM\zmw?z>o 

mi i tz&\,*x,ytmm&mmR 6 1 ^«*:^^#^b 6 1 ©nip^ 3 . 

1 2 , ftSg&J&fcl^R 6 2 &&Z*mmA 6 1 O^ffiJBiff^^ 1.54 t?%> t, 

(3) iUciD, #I^OMTl 2%mm<DKm^c^>o i^u #^<jd 

b-g-Oo ^oT, MA6 l©te*J;^i#«B6 1 <Dm% ZLt\Z 

015(1 12 1 lomSbte#^K©M^ic:*3^§Sltsp^aPA6 i©«d 
25 x £¥#£M£B 6 1 <£>JP£ d 2 t©il^T^*r0-ea&S. U&s H15tt, 

B«*R6 1^5J:TOffiB6 10^i^N^3. 1 2, ftiS&8§M^ 
R6 2*«kr^PNBA6 l©4Mfia*fJ*5N a fel. 5 4, t bT, PSKA 6 1 ODijg 
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EI 1 5 fC^T, *Vi*»tt, ^gPA 6 1 fe«k^JIW*2KB 6 1 SJ^fS £ 

^IB6 l©^MA/2CD^®IIi, ?Ri»"CjSUfcN 1 d 1 + N 2 d 2 
5 = A/4X (2 1 + 1) Oft** (lttSBfifc) iCja^U^iffi^lT^^o 

El«s#/.h3<fc<5. cn6©HAJ^O««« v 
N 1 d 1 >A/2n, N 2 d 2 >A/2m, N x d X + N 2 d 2 <A/4 (2 1+1) 

••• (6) 

10 ( K itu n ten +m= 1 ©W«*»fc*rS9fc) 

N 1 d 1 <A/2n> N 2 d 2 <A/2m, N x d ! + N 2 d 2 > A/4 (2 1 + 1) 

••• (7) 

(Km, n«n+m= 1 - 1 <DM&&mtf?mm 
15 ©HHT^t* ££3&*T#5. 

)WH£iTO4''i>^ t> IdT £> UfcM^ c TfctU 1 0 %OT (1£&£ ~#$t 

5 %.BTF 2»»[BS©fi^&K:^bT«94 0%) > m&UZX/l 6t£tirr& 

20 bfcliattt, RttmiXSCF 0&3iZ>=mW6<D&&lZttVxm8%) £T 

N 1 d 1 >nA/2±<5x, 
25 N 2 d 2 >mA/2±5x, 

N x d 1 + N 2 d 2 =A/'4X (2 1+1) ±5x> 

N 1 d 1 +N 2 d 2 
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= ±A/ (2tc) [cos' 1 {± (N x 2 + N 2 2 ) / (N 1 + N 2 ) 2 } +2m7c] 

••• (8) 

Nid 1 -N 2 d 2 =A/2n ♦••(9) 

10 rai), ^0iio©»jn ® 1 2<Dmm&tt\*mwvrc*><DT*$> 

EI 1 6 fc43V>T, 110 1 ft#i£B§^R 111, MBA 

111, ¥*S*M£B 111, ftSmi&MigcR 1 1 2, ^##:1gB 112, MfflA 

1 1 2*j:tx?w«85««R 1 1 3f)mmfej?mtetovTM#mf&isnT^z> 0 
c: zn?, %m$i®mmR ill, r 1 1 3 tjt»jaa»fia«R 112 tos$f$ 

15 ^S^iCS^^cfc^t^-rSdt^T^, m.fc& 3PfijttSfi«Rl 1 1, R 

1 1 3 fe^mfcw&xmf&irz z. yemwmmR 1 1 2\*¥m#wi- 

$ig&A 1 1 1 , a 1 1 2 icte, ^^fi^o^sstearrs 
M*.fcf, ytmmmmmR 1 1 2 owii^-ow^^trsi: t^-ets, * 

20 ¥&*MSB 111, B 1 1 2 «, ftSV&ftftttR 111, R 1 1 3 OJtBi: 

ra— t^^ck5{C^*r^^t^l?^§. iigUAl 11, All 2 43cktf 

#iMB 1 1 l,B 1 1 2^«Jfltfri^*««JS«k"5fcBB«$n,*3 : *b<W:, 

m^A 111, a 1 1 2 *«tt^s#2KB in, b 1 1 2 
Tmrn\zmwtz> z. t^#^„ 

25 ^LT, $lg&A 111 ©«:fe<fctf¥ilWfcRB 1 1 1 <£>J»£te, fttt&KHHttR 

ill tm^A in t©#MTsstbfe^, ^a ill t^mftmB 1 1 

1 £©#®TEI*U^:j3«fctX¥illfl^B 1 1 1 t^»»IIS««R 112 £<DR 
$|g&Al 1 2 O*!^ «fc tfaNMHRB 1 1 2(DjP$te, ftSg&g&^R 1 
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1 2 t^mfctiLB 1 1 2 LGX-m-VBLtoLltXifi* *mfoffi.B 112 tWMA 1 
1 2 fc©jraT£Utbfc3fcfe±tffcj»A 1 1 2 bXW&SMWR 113 

*rfcfc>"fe, ¥*S#^£1 1 0 lJhfcfciu 3711 1 0 1 a~l 1 0 1 d*^« 
37Jil 101 a~ 1101 d±fcteu ±8B£9y HP 1 1 0 3 a~l 1 

0 3 d^n^ti^®$nTv^o *mfcmw.i 1 o i^<ktKjtap^^y 

HI110 3 a~l 1 0 3diim I nP, 3711 101a-l 

10 1'dtUm mZ.& S&tm&l.. 3/im©GaInAsP»§^t 

•?-LT, 3711 101 a- 1101 d*il)t±*^7y FJg 1 1 0 3 a~l 

103 d*t«^jB$n^Jii#s«i ioi sxy^^^ajx-rscitfccko, 

3fc#^ft»;:#bTMK:E«£nfc» 110 4a, 1104c £7£/&T£££ 
%\Z. mi 1 0 4 a, 110 4 c^&^MH^tR8TTE«$nfcIHiaPl 1 0 
4 b 110 1 ±fc^f^o 

*l/T, FJ1 1 1 0 5 a, 1 1 0 7 aT^*nfc3 71 1 1 0 6 a£ii 

1 1 0 4 afcig&iitrttfcteU ^77H1110 5c, 1107cT^tlfc 
3711 1 06cSil 1 0 4cfc«i8e)jitrttlc:«fct)^»«SE»fil«Rl 1 1> 

r 1 1 3 t©^®^nfnst$nfcMA in, a 1 1 2 &mi&rz> z. t 

^77K1110 5b, 1 1 0 7 bT&£n7fcnTjl 1 1 0 6 b^GDSB 
1 1 0 4bte*8&&tT2:fcfc«k?K #|g&Al 11, All 2*^^*ft=KB 1 1 
1 > B 1 1 2 S-tn^niHTTfiB«$tlfc%S»|&fSiS«R 112 d t 

££T, 3711 1 0 6 a~l 1 0 6 c©WtLT^, Wtfck BCBSffi 
Vi-§>d<fc^T#, ^7yh'I1105a~1105c, 1107a-1107c 
OWtbTft #JAfc£, 3711 1106 a~ 1106 c «fc 9 jB#T«Sf£^3js 
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h 1 6 (Dmm&mt. mi 2 omm* 1 mmm^mm-r^mz^ 
xmm vrc&. m 1 2 ©^b^ 3 m&±mm*r&& o \z ucb c c?, 

^•HT, 09*f& HI 103t»«!Sfi«R6 2^Hl 6©ft2*jft&fc[«Ri 1 
Z\n\Z& D.mgftfc££ Off* ©^^O^^^kbfe^fc^^Tfe, 
W«im PMMA^V^CiUfpts. 

^©»ii©*asMtt. hi Qvmmiz^mftu— ^mm<t 

T2>&5\zLrci*><DT*$>Z> 0 HI 7\Z&\,*T, 1 2 0 1 

m*r 121, mi$A 121, ¥##^b 12 1 , xmmmm®R 122, ^ 
mfcmB 122, mmA 1 2 2&&zmw&»mmR 1 2 3^^^^^ 

T«fc»«3*u ftttttlftMtR 1 2 l«J:9%«ttKimR l 2 3l:(t V- 

z\ z\~t:\ ymwmmR 121, r 1 2 3 t^#»K««R 1 2 2 toa^r* 

1 2 3^ilMWmT«l^ , r*C:t*t*T?*, ^#^M^R 1 2 2ttfi#:^ 
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1 2 1 , A 1 2 2 fcfeiu 4UIM^©*m*^S«rt--5 II 

fc> fiMBr2.1, B122(t ftttttBMtRl 2 1, R12 3CD*aBt 
5 1*1— £&5<fc 5 Eta*?**. j&fflAl 2 1, Al 2 2&J;Ut 

iig&A 12 1, A 1 2 2 ^iWifttB 12 1, B 1 2 2 te^fcfrftfcStb 

■?-LT, $|g&A 1 2 1 ©ifr&J;tfaMlflcKB 12 1 <Dj5£fci, 7&»&R&ttR 
10 12 1 t^A 1 2 1 Lfcft5&*, Pg&A 12 1 t^mmRB 1 2 

1 £<DmBT!R#ls1£ft&&ZP£mfflRB 12 1 £fti»ift&««R 12 2 iCD# 

2 2 <E>ijg:fccktW£#:&B 1 2 2GDff2te, R 1 

2 2 <fc¥S#:l£B 12 2 iOMTSItL^^ ¥##:«B 12 2 £jpftBAl 
15 2 2 iOIHSTSI* bfc**J:C«(|»A 1 2 2 ^fiffttlMWR 1 2 3 t<DRW 

Tl3.t>%, 2 0 l±fcfcfc, JgttBl 2 0 2 a, 1 2 0 2 d*«ktX 

nT®12 0 1b, 120 1c^I$n, Sfll20 1a, 1201d^i; 
t^nTJS 1 2 0 2 b, 1 2 0 2 c ±fctt, 1201 tJIfcSSgmMCD 

20 ±§&# 75/ 1 2 0 3 a, 1203d, 1203b, 1203c a^n^ttlR 
J»£tlW3o &cfe, 2 0 l*«ktf±»^7iy Kill 2 0 3 a~l 

2 0 3dtUTH M^l InP, fgftI1 2 02 a, 1 2 0 2 d&£tf3T 
11 2 0 2b, 1 2 0 2citm til. 5 5 um(DG a I n A s 

P*/BV>5££a*T#S. Ssfc, WMZ, ¥»*lfil2 0 1*nItU ±«P 

25 K® 1203 a~ 1203 d§p§tfiT^Jl<t^T^^ 0 

^LT, ISttfl 2 0 2 a, 1 2 0 2 d&£tf3Tjg 1 2 0 2 c , 1 2 0 2 c 
_LK:±S&#9 ; :y HP 1 2 0 3 a~ 1 2 0 3 da^JiSn^S-ffrgffi 1 2 0 1 £ 
Xy3 t >#fini-fSC:£te:<kD, ^^|^fcMLTMfcg3g$tlfe?gl 2 0 
4a, 12 04c£Mt§iifeC, fl 2 04a, 1 2 0 4 c frbffifsmk 
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fcttWTTEssn&iHiBi 2 o 4b$¥iMigi 2 o i .hfcj&frr*. e:n 

^Sg&g&M^R 12 1, R 1 2 3lZttJfol>Tm®im 1 2 0 2 a, 120 
2d& J £tl j etmfBtrZ£.£.'b\Z* ¥i#SB12L B1.2 2»tT37 
11 2 0 2b, 1202c ^^n^ngHfiTS in £/^T^3o 
5 fbT,>9y FJll 2 0 5 a, 1 2 0 7 aT&am&3XJ! 1 2 0 6 a£$f 
1 2 04afCiS5e>^tyitfe{C, ^7yF11 2 05c, 1 2 0 7 cT&£tlfc 
37I1 2 0 6 cSil 2 0 4 cfcS«>iitrJltfc«kt),3te»«l&««R 12 1, 

r 1 2 3 iKDRmttn^nmw-ztitcm&A 121, a 1 2 2 c t 

10 *fe> ^7yFI1 2 0 5 b, 1 2 0 7 bT&tmfc:ny« 1 2 0 6 b£|]M 
1 2 0 4bfc«*&tr££te<k?K i»A121, Al 2 2»&¥IA4iB 1 2 

i , b 1 2 2 *-en^eni«TTfi3«$nfc3te#ftKii«R 122 ^i^ts ^ t 

±*^5yHI1 2 0 3 a, 1 2 0 3 d±\zmM 1 2 0 8 a, 1208 
15 b ttt&tWtitrr* 1 1 fc, 12 0 1 1 2 0 8 c* 

j§Mtr* c it ct o , ytm®.&mmR 121 «j;u^iHiisM4tR 1 2 3kw- 

HJIT, 3TJB1 2 0 6 a~l 2 0 6 cOWiUTtt, 0U;tfc£, BCB£/B 
^77F11 2 05 a-1 20 5c, 1 2 0 7 a~1 2 0 7 c 
20 ©Wtl/Ttt, 3TJ!l206a~120.6cJ;f3 fc@#TW|£V^ 

ft©®Wfiftl^«»SWT*^*ffiViT^«ftlS««R 1 2 2 & 

s^ic ytmm&m®R 121 &<fc£KR 123 K:iasf»^3fe^&»j«bTjft* 

a&tt£##T*«fc'3K:bT'b«fc<, ^^RftJBai (DFB) ^SWfcW— 
£tt« (DBR) fc£*ftMM'r£J:'5fcLTfe«fcV>. 

JgftJ112 0 2 a, 1 2 0 2d^3711 202b, 1 2 0 2 c <D 
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h) ^, mffim&®mmizmtzi£rc.m®®ffim (gi-)s cHti,xh^ 0 

EH£Jf 12 0 2 a, 1202 dOMH AVl/#, MQW (^ft*?# 

KbTt><fcV*. 2£>fc:, WRcPbTfc, InP^GalnAsPOil.^ 
fri±fc^££*l3;i<h&<, G a A s > Al GaAs, InGaAs, Gain 

na s fcE&M<Dtfmz^\,*Tmmff*sm-c$>z>o 

mi 8«, 2 0^MtC^SS^te^i^OiiS^©«lElil&^^ 

^•T^ST^^o fc43, £<Dfgl 2(0»Jlt *£g&Al 3 1, Al 3 233,£ 
tf¥«tt£B 13 1, B 1 3 2fc2»«W*c:fclc«kD, fttt&BMER 1 3 1 
£5te*Sft&1S#R 13 2 t©^T?©SI**(^T€S»SIBiB**fcfe , r#*«k 

018 fc&t^T, ¥^#*^7 1 1 £«, 3HttfcKWKR 13 1, #ti$A 1 3 
1 , *mmRB 13 1, SfgBA 13 2, ¥S#4£B 1 3 2 £ £#3fc#««Mg«R 

1 3 2&y6mm}fa\zB^TmkM&.i£nT\,*2>o z.z\x\ ^^mri 3 

1 &ft*ifcJ&ratR 13 2 t(DjaSf^«S^^S^S«k^ic:^t- s^tm, 

*UcR 1 3 2 tt#i#:^0Wti^r5 £ t *t*Z?#*. 

?igBA 1 3 1 , A 1 3 2 Kite, ¥»*£i^04m&*«frs C 

fc, ¥##:«B 13 1, B 1 3 2 «, ft*&ftjR«R 1 3 1 ©*BftiR--£fc:.& 
<fc5K:*^r*Jlt*$T$«. $g&Al 3 1, Al 3 2 43j;tf¥#flcRB 

131, b i 3 2^awtofiriftft«w*«k5fcEiisn, 0^b<«, isiSAi 

3 1, A 1 3 2cfeJ:^S#^B 13 1, B 1 3 2 H3fe*fc&ftfc#bTMfc 

•^-l/r, igg&Al 3 1, Al 3 2(DiI®^ck^¥##:^Bl 3 1, Bl 3 20DJS 
Ste, *£*&HHHttR 13 1 tm&A 1 3 1 M^A 1 
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3 1 i¥3l*M£B 13 1 Lfc^ ¥##4£B 13 1 t«§PA 1 3 

2 fc©JWffT!K#bfc3k #lg&A 13 2 t^mWRB 13 2 t<3D#®TSItbfe 
»*J: W^WWRB 1 3 2 £3te2*Jft&««R 1 3 2 <fc©l!LffiT£ttL&ftfcJ;o 

3fe«ttltlWR 1 3 l)W&£Sn;fc¥#fl:36«7 1 1 OXy^^^iWX 
10 £fr5 iltfcekD, MAI 3 1, Al 3 2%>&.XS^mWWLB 13 1, B 1 3 2 

7 1 1 z<Dfdtb, %mm&mmR isi 
tyemmmmR 132 t©#®^siti&jhi^<£^'r«^t^<, 

*§£R 1 3 1 t^i&B&figif&R 13 2 £©#IM£43frSKIt&^Sii-* £ <h^T 

15 iSHAl 3 1, Al 3 2<Dm&£Zf¥mm%B 1 3 1, B13 2COIP 

3fc#$E8§6g^R 13 1 £3fc«ifc&ffi«R 1 3 2 <h©it#T 

20 0i9H 018 ©3te»afc&6ite»ofcx i x, xx-x i x, xxi^f 

bfc«JWrHT?*«. 01 9KU5WT, ¥mfomm7 l 1 Jhfcfct, n7l7 12a 
-7 12c«qiISn, 37l7 12a~7 12c±C[t ±^7yh*l71 

3 a~7 1 3 c^n-e'ntl$nt^5„ fr:fc, ¥##:g=|g7 1 l*«kt^±fiP 
Zvv HP 7 1 3 a~7 1 3cibTft I nP, 3717 1 2 a~7 

25 12c<hLTIt ^1 3tfm<DGaInAsP»§^i^ 

^•bT, n7l7 1 2 a~7 1 2 c3S&Zfi±ffi?7y FJ1 7 1 3 a~ 7 1 3 c 
#«*»»3nfc¥lfW*a&K7 1 l^x-/5 L >^JnX-r^Ci:^ck^, 3^tifc& 
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a^6Bf«MHId a 3eWBlTTE«*nfc«ci3©*7 14b€MU 
1 l±lCf^T5, 

•£LT, i714a, 7 1 4b^^7 15 a, 715 b £**-tfen««> 

1 &mTTmmznrzffiffiA 132 *j^^r« z. t^nt^s. 

Sfc, ii714c lC3@intt|itm7 15c *gg&A 1 

3 2fr*>&i£d 4 <D¥mftffi.B 13 2 *WTTE«$n^»JSae«*R 13 2 

io z>z\t&x%% 0 

asJ**m7 15 a, 7 15 b^3^KftKtm7 15c iUTtt, 
¥JIWfctttft«:SJB«f*&«p^*f»*ffiVi«Jia:dtTtr, «Atf, BCB£#tf 
5tWi7?f§. ^imi^R 1 3 1 * J;^i#SB 13 1, B 

i 3 2<D*mmmmt3; 1 2, mwmri 3 2*;«tot^Ai 3 1, a 

15 13 2 (Dtgmm$t&}$ 1 . 5 4 tf^) £ ttf-V^&o 

z\ti\z&Q, ytmfo&mmR 1 3 1 txnmmmR 1 3 2 ^©^#^^^-5 

^S^^g&M^R 13 1 &3WttttMtR 1 3 2 t&ra-2NM«&fR7 11± 

20 »8s*nis-r sei^Rrtgt^So 

fflSBA 13 1, A 1 3 2 fc£tfcte*ife&fiR«R 13 2 fcl* WS»JS^^ 

3 2%£&wmBsmmR 132 K&nz&&!mifi&<tsizt. mmm^m 

25 z.<Dtc#>, mi soxx-xxn^mvrcmi 9(Dmmmm^m2 o(Dmm 
mm\zm %mz. % & 5 \z vx & «t ^ 0 

02 ott, 1 3<ommm\z^mmmm^(D^u<Dwmmm.ti 
ymwsmz^x^rrmmm'v^o z\<omi 3<Dnmm\x 0190 

M^A 13 1, A 1 3 2*J;^»tftKffi«R 13 2 fc3 7JI£S*fr*«k3k:L 
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B120 \z&kt. *mfc%M8 1 1 \z\t, y&mmmmR hi, mm a i 4 
i , ^mfcfoB i4i s mm a i4 2s ¥m&m.B 142 & &xmmmmmR 
142 ^m^^zB-Dxmkm^nx^o 

tiSt>t>s ¥##S«8 1 l±\Z\ts 37l812a~812 cj^JiStu 
3TJI8 1 2 a~8 1 2 c±(Ctt, ±m^^y Fig 8 1 3 a~8 1 3 cifi^n^ 
*l8W£ttTV>S. &cfe, ¥##«1£8 1 l*±tf±«^7y FS8 1 3 a~8 
13c itTIt mXUs I nP, 37J18 12a-812c ttTH M;tfc£, 
MSI. 3 MmCDGa I nAs P £rfflV:>3 

•ebT, 3718 12a-8 1 2cfe^±^7^ Kl813a~8 13c 
a«fcmJl£nfc¥##:S«8 1 l£Xy^>^iraXT5££*C<fcD, 
[Rj^*fbT^E^@aB$nfe«8 Ha^^TStt-bl:, «8 14a^e»0f 
jeiWIB^R8TTE**n}fcjpl8 1 4bft»«U $e>tC, i814 b^SB>r5£ 
MBI«ttlS8TTiB«$nfcil^l8 14c 5¥i#:St8 1 1 ±(dMt§. 

■^bT, ^77yHl8 15a, 8 1 7 aT^nfen7l8 1 6 a^i8 1 4 
a£«8&&tr££fefc. ^77H18 15b, 8 1 7bT^tl^7l8 1 6 
b^i8 1 4bKlS«>5iOJ:tteckD, ytmWC&m&R 14 1 fc©#®fciB«£ 

nfcawPA 141 &fl2/&-r& n £an«rflB££:* £ £ mm a 141 ^ e>¥# 

#«B 1 4 1 £PlfTT@3B$nfc#|g&A 14 2 &Mf&?% Z. Li&mMtfcZo 

£t£s #^FJl8 15c, 8 17c T^*nfc371 816c 5^8 1 4 
c \zm#>iL&Z\t\Z& Q s mffiA 14 2 jfc 5*MH*=KB 14 2 £PliTTgBg£n 

rcytmm&imR 142 &j&f&-tz>z 

n7M8 1 6 a — 8 1 6 c©WibTH BCB£/BV>3 
d<h^T#, #^yKJl815a~815c, 8 1 7 a~8 1 7 cCD^^LT 
fck 0!l?Lfc£, 37l816a-816 c £ 0 fcja#TW&V^lM ^ 

unicj; d; %*&BMtR i 4 1 &ft*&iMttR 1 4 2 
£it£{&M£it£;i<h£^ftg£L^o, mai 41, ai 4 2&&x&tmm& 
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mi 9 oytmmmmR 1 3 1 ^n^m^mommm^m^rab 

fc, m 1 SOX I I I -X I I I iirtra»rUfc0r®«&*EI 1 3®i®iH:f 
*iftiL*J:3teLT'b<fcV>. HI 8©5t»»a»««Rl 3 2fcW*«bEr 

(Rl©#»ai**S|I^LSfcJ6te, EI 1 8 <DX I V — X I Virel*D8frDfc®r®;fgji£ 

5 hi 4<Dmmffi7&\zm%M%.z&5\zisTb&^o 

HI 9©3Til7 1 2 a, 7 1 2b®MfcHbm «ffcW*?J&^^ 

s&ot&sk, m%-& ^Tm*&ffiomffim£?7v.pm<Dmffimt<Dm<D 
mmm&&rDmHz&t)<v-> h-t y^^n^mgHD^^n^ cs ch> 

JBW£§*B«te^b£ii-fc«&JB$T# (GI-) SCH£bT%><fcV>. 

rafrf, &fcm&mm<Dmm&mm\z&\sT*>. pni», u^snijs, ¥ 

m *vm7&g*muz>£5\zVTh&\,\ ssk, 

IHLTfc, I nP*J;^Ga I nAs P©a*-&t>-&fc:IS^$n-5Jlt«:<, G 
15 aAs, A 1 G a A s , InGaAs, Ga I nNAs^i:ttt©tIl:^T 

H 1 9 ©ft#i£8&^R 13 1 ^±^i#lB 13 1, B 1 3 2©^ 
MWNiSa. 1 2, ^KI«R1 3 2*J;aQPW5Al 3 1, Al 3 2 

®^ffi®«f*N 2 * i . 5 4 ftsmss^R 131, mmA 131, 

20 ¥##4£B 13 1 & cfcmPfg&A 13 2 T*ric$tl*^#Jft»T?tt, PS&A 13 1 

©lid x t^m^UB 131 om s d a te^*r*swj*5ttH 1 5 tratifcfcs. 
z.<Dtc#), ytmm.&mi&R 131, $sba 131, ^smb 1 3 1 

g&A 1 3 2T?«^$nS3te#^©SW*^$it*fe8e>K:tt, (6) 5£i=£: 
tt (7) 5fc©W«&«fct\fc'5te, «8BA1 3 1 ©ijfd x £¥#ft=KB 1 3 ld 2 

3fc*ttBMtR 13 1, #fg|$A 13 1, *NWWRB 13 1 tekXttiMA 
13 2 Tf«fiJg-$tl*3fc»«[K©Kit** 0 ItZ-TZZiMzte, ( 8 ) zSSfcte ( 9 ) 
ft<DM&&mtc~r <fc5K:, flNPAl 3 l©«d 1 fcW'*tEB 1 3 lCDJP$d 2 £ 
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H 1 9 0£ftttrtft*l8A 13 2 T»«U JfcfflftKMtR 13 1, 1 3 

1, ^iwicKB 1 3 i*itwwPAi 3 2-vmmt£ftz>ytmm%,£, m&Ai 3 

2, ¥^#:isb 1 3 2&&Tty£mmmmR 1 3 2i?mi&2nz>xmm&ii*m 

fttt&gftfltiftR 13 1, ?ig|5A 13 1, ¥^#^B 1 3 1. 

1 3 2 Tm&i<n&5mm6<DK!ttm* 0 ^l^jlt, ^sua 132, *m 
«cb 1 3 2*<fc^j»jaa»ia«R 1 3 2Tm&zteyemm»<DBUttm*o t. 

10 $fg&A 13 2, ^^#:1gB 132 fc<fcB%#ifej»««R 132 

N 2 d 4 =A/'2 n •••(10) 

15 m 2 i «, ea 1 9 (dmba 132, ¥^#«b 132 &&z*KmwmmmR 1 

02 1 fcS^T, PgUA 13 2, aNHWRB 1 3 2 $3 R 1 3 
20 («12X) «kO%/jN$ <fr5. ^bT, igg&Al 3 2, ¥S#^B 13 2 

*«fc^^t««Ms««R 1 3 2i?ffi&zn%ytmm&<DKmm*Mte&-mm&<D 
m&£Vh'hz<?z>$km*> ut<d (id a-e^scta*-?**. 

A/2n-A/16<N 2 d 4 <A/2n + A/16 ••• (11) 

(nfetMgfc) 

25 z. ciT, ei 1 9 <D±&<Dytmwimz, ytm^mmR 131, ^a 131, 
¥##^b 1 3 1 *ckrx#i»A 1 3 2-cm^n^tEmytmmmh. mi® a 1 3 

2, ¥3Mfc«B 1 3 2&&&KWWMmR 1 3 2«^n^*«i»i 
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&mz-Tb. 7Jtm&*><Di$* ytmm&fmR 1 3 1 tytmm&mi&R 1 3 2 <t 

018 1 3 2 ©fid , tAM%i&\Zttt &K%%tt<DM<m 

^-r^Tafe^o N x =l. 5 4> N 2 =3. 2 lttTAIt 

&sa = i. 5 5 timtvfzmzKHmtfotfc&gift&mrcT&oiz, d x = 

1. 0 8 Atm. d 2 =l. 00/*m> d 4 =0. 9 6 6itmtlL — 

HI 2 2 fc&^T, ««d(^nfcHHH4ftR 13 1 £3te2*afeftffl«R 1 3 2 <h£ 
ll:g^bf;^0SP (#9 1 2 %) ck D ««c fcfcRJfcTOS 1 0 % 

A/2 (n+1/4) <N 1 d 3 <A/2 (n+1) 
A/2 (m+3/8) <N 1 d 3 <A/2 (m+3/4) 

±3fib^njfi«n?tt, ^Ai 3 1, ai 3 2 izjmtzttm&ytm®. 
mmmRi 3 2<Dmtm~tt^mz-o^xmmvrc^ i§isai3i, a 
i 3 2izftm-?%>Mn£ytmmmmmR 1 3 2©*r^ttasv^cft^oTWb 

«fc^ 0 3^ttHHH«R 13 1 t¥i#«B 131, B 1 3 2 ttt, 

BIT?**. 4©^flSMtt, PSBAl 5 1~A1 5 4&£Zfi¥m& 

sbi5i~bi 5 4&&mzmvMvmm'r%>z\t\z&t), immtt^m^ 
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m.2 3{c*5v^x, ¥m&mu9 1 1 \z\z, ytmm.^mmR 1 5 nskuytm®. 
mmm,R 1 5 2^mmm^mzm^xm^n^tth\z, ytmwL®mmR 1 5 
1 t^tmmmmmR 152 tvmiz^ ma 1 5 1 ~a 1 5 4&£zs*m&u 
b 1 5 i~b 1 5 4tfytmw&fa\zWi*z>T$imzmwi5ftT^z>o 
5 z\z\~z\ ytmw.mmmR 151 tytmwL&mmR 152 tommmum^zm 
f£&£?izmfe-r%z\ttfT~%, mx.}& yawmffl&R 1 5 1 tz^mmm-v 

ma 1 5 1 ~ a 1 5 4 \z\z, ¥mft$w<Dttft&i6mr& c 

10 Mx.fc£ 3te3littNHR4tR 1 5 2 ©*m<h|WI— ©#)&£^t*3;i£^T^£ <> * 
fc, ¥##«B 151-B154I1 ft*&MHHttR 1 5 1 <Dffimtm-*£teZ> 
£ 5 \Zffif$-?&Z. MAI 5 1~A1 5 4*<ktX#«flctEB 

i s i~b 1 5 Mzytmm^fo&mwz&^izmmzti. r&vkiz, mm 

51-Al 5 4^i^|ffiB 1 5 1~B 1 5 4 LTMH:: 

15 g28T£ £ £^t^&„ 

^LT, MA 1 5 1 C0ifiS*3«fc ZS^mfttiLB 15 1 CDff^tt, 3>&*ftM(ttR 
1 4, MA 15 1, ¥2*#«B 15 1 43<fctfMA 1 5 2T?«^$nS^»t 

MAI 5 2<Z)«*J;^¥»fl:«B 1 5 2©f$Jt MAI 52, # 
20 mm&B 15 2 & <kt*MA 15 3 T?«J^$n«3tJ»«K^ilSit*^&*tfe 

MAI 5 3> Al 5 4©fi:fe«fctfaMWfrKB 153, B 1 5 4©J¥ 
MAI 5 2 ©H:fe«fctf*MWfcfcB 1 5_2 ©JP$ ttt-ZftM—tte* «fc 

25 HJLT, MA 15 2, ¥tSWRB 1 5 2$3<ktfJ8SBA 1 5 3«$n§^ 
»iftK*««IKit**fr&*|fc*r«fc3fcMAl 5 2 ©iffi:fe£tf¥iWWgB 15 2 
©J?£&H!J£T* MAI 5 2 <£tf¥*g#MB 1 5 2©J¥££ 

-etl^niRl— t^^<k-5 {CMA 1 5 3 , A 1 5 4 ©M W#ffc&B 153, 
B 1 5 4<DmZ&m7£t2>Z.t\Z£Q, MAI 5 1-A1 5 4 
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B151-B15 4^mzm^Mvmmvrcm^\z^xh. AimfiA^ 

Tt£t)?>, ¥mfaMU9 1 l_hfclfck 3TJi912a~912 e£t«Jl£n, 
□ 719 1 2 a~9 1 2 e±fc«, ±.ffi&7y H19 13 a~9 1 3e^n-6 
5 mtSSnwSo &*5> ¥##S«9 1 l^J;^±a5^^y HB9 1 3 a~9 
1 3etim^tt, I nP, 3719 1 2a~9 1 2etUm.M(l 
ftym&l. 3 jttmOG a I nA s P^fflVi§ ^ 
^tt, HTJB9 1 2 a~9 1 2 e:fe«ktf±a&^y HI9 13a-9 13e 

io iRj^bTSia^@ae$n^9 1 4 a~9 Md^Mtsttfei:, i9i 

4 d^6»f5EIHIIB^ttH5TTffifll$nfc©Sl9 1 4 e £¥##:»l£9 1 1 

-€-L-T> f914a~91 4d&C3fr*fer3fS|-9 1 5 a~9 1 5 d£-^n^*liSi6 
^9 1 4efc3fc2lfife8&«^9 1 5 eSMfeiitfJltfc.kt), 3fe 
15 ^^fRj^oT^SfcSBtt^n^^A 151-A15 4*5,fctfiMlflc|RB 1 

5 1 ~B 1 5 4 &ft«ttttMfcR 15 1 t3te»ift8&««R 15 2 fcOWte^^ 
*Clfc*«RriBi:feStfc«bfc, ISI5A1 5 4^5fI#«Bl 54£R|TTIE@ 
$nfc3t#»»IH«R 15 2 £aMW*®K9 1 1 l:MT5^i^t§ 0 

JinfcckO, i914a~91 4d£^&T£fc&©Xy3 1 >^inX£¥##: 

0 , ¥^MSK^¥i#:^0^^t§MiMS 9 1 1 _kfcgU» 

±misfcmffiWT?\z. mfflAi 5 i~ai 5 4&£wm&UB 151 

25 ~B 1 5 4*4lHl»t)3gbBBfll*r*^fcO^TBiWbfc3&«, 
3 5 @K±«ID3SL/E«L/T'bcfc^. 

EI 2 4 fit, *2£m<D& 1 5 ©^»!l(C^§^^^g&©*S!£i5&«^^^-rSff® 

B12 4{c^viT, *mft&&Li 0 1 1 icwu ytrnmammR iei, ma 
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16 1, ¥mfaUB 16 1, pg&Al 6 2, *N*#*£B 162, 
16 2, ¥i#:«B16 3, ?£g&A16 3, ¥i*tB16 4, 16 4*3 

&mtm®.mmmR 1 6 3^ytmm^^zB-DTim^^nx^ 0 

£ CT, 5fc#$c8&^R 16 1, R 1 6 3 i^#^M«R 16 2 tCDMffim 

1 6 3\%¥mfctt^mf$r?&z£tfx°%. ytm-m&mmR 1 6 2^i#:^ 
mx\t, ytm®.mmw,R 1 6 20W4tMW^«i-s^tms. * 

10 fc, ¥##4£B 1 6 1~B 1 6 4ft ft#&{&^R 16 1, R 1 6 3<D^ig«h 
1^— £&3<£5£#lfirr §ut»5 t $tg|$Al 6 1~A1 6 

¥Mftffi.B 161-B1 6 4tt^«Jfe^|^I*«K0*ck5fciB«$n,»*b<^ 
flHBA 1 6 1~A 1 6 4^cktK¥^#:1£B 1 6 1~B 1 6 4fc*ft#&#f£iJK:*fL 

15 ^bT, *PtgBA 16 1 ©ifife«fctf2NI#2KB 16 1 0J?£fci, ftttftfettgR 
16 1 .hjStg&A 1 6 1 t^MTKttbfcftj&t, MA 16 1 £¥##:1£B 1 6 

i t<Dmfi-vR#vityts ¥m&UB 1 6 1 tmmA 1 6 2 

ft, MA 16 2 £¥##«B 16 2 i©^®TKI*bfe^«fctJ^S«^KB 1 
6 2 £fttt&aMK*R 16 2 £(DfflSTRHV?tmz&vTm®*>n&£.5\ZJ£ 

20 *v£nas3£*r * £ £ & » 

*SBA 1 6 4©«*Sj;tX2NM*=KB 1 6 4 CDffStt, ^#StS§0^cR 1 
6 3 tm&A 16 4 ch(D#®TKMbfc»S, MA 16 4 t^mffiRB 16 4 
i(D#@TSItbfe5te>¥^#«B 1 6 4 «A 16 3 £<D#@T£#tb;rcft, 
fflt&A 16 3 £¥*S#^B 1 6 3 t<D&m'Vm&Vttyt&&XS¥mfctiLB 16 3 
25 &%4lttMHH«R 1 6 2 tOlfSTRItb^K.fc-pTllJ&SnSck'SKl'en-? 

-rtetts *m#&Ri o 1 1±^«, urmi o 1 2 a~i o 1 2 f iimm 

Sft, □7I10 12a-10 12f±dt ±ffi#7y Fill 0 1 3 a~l 0 
1 3 f&*tl j ettfXM2tlT\,>Z. ¥##S^1 0 1 l&&Zfi±&t7 7y 
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FJf 1 0 1 3 a-1 0 1 3 f tbTlt mXU, InP, 3711 012a-l 
012ftLTH 5&yt®.mi. 3/im©GaInAsPSI^t 

•ebT, 37110 1 2 a~l 0 1 2 f &<k££_hSI^ H@ 1 0 1 3 a~l 

0 13 f ^III^P$nfc¥##:^l Oil £x^>^Jni-r<5££fC<fcD, 
^#^(RjCTUTSifiiCSH*$n^l 014 a, 1014 b, 1014 d, 

1 0 1 4 e&M&t&ttblz, ifcl 0 14b, 1 0 1 4 dfr *>Wifemffif£ttm 
TT@Bg$n^Da^l 0 1 4c**«#a«l O l l±te?g/£-r«5. 

^77h*110 15a, 1017aT^nfen7H0 16a^I 
1 0 1 4 a Id, ^77H110 15b, 10 17bt^tlfe 

nrjf 1016b &m 1014b \zM&&$$zh\z<k x> , ytmm&mmR 1 6 1 
tymwmi&R 1 6 2 t©wK:Efisnfc#HKA 1 6 1 , a 1 6 2 ^^rs 

^7yKI10 15d, 1 0 1 7 dT^nfc37Il 0 1 6 d£Pl 
0 1 4d\zm#)&tS£th\Z, ^7yHI10 15e, 1 0 1 7 eT^Stirtn 
7110 1 6e$fl 0 1 4 ete*8&&tT££fc«k?K ^It^MRl 62i 
KttftKffittR 16 3 t OKlCiailSnfcfliaPA 16 3, A 1 6 4 Z 

S&td, FJ1 1 0 1 5 c, 1 0 1 7 cT#?£nfcziTJil 0 1 6 c^Dfl 

&10 14c\ZMlb&&Z\£\Z&r), ?Ptg&A16 2, A16 4^^f#:tBl 

6 2, b 1 6 4 ^n : enmxxmm^nrcytmm.mmmR 1 6 2 &mm-r%> z 

ZZX, 3711 0 1 6 a~l 0 1 6 ecptltlt 09*.fcT, BCB^ffl 
ViSit^t, ^7^H110 15a~10 15e, 1017a~1017e 
OWtLTH 37H0 16a-10 16ec};?3 tiPiit^ 

IMS V&m^ZZttf-F^z. 

02 OO^jtS^ffRlSB^bfetXDT^^feJe), 02 
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02 4©^J60!IT«, 02 O0^jg^im^^i3aT^^fc^^ 

TtftBj bfc^ ei 2 o 3 mu±m&mffiT%>& s £ txfeiK £ jit, 

^z\x\ mx\*. mi 9 (DytrnwimmmR 132^24 <Dytmm&mmR 1 

6 2§, M<Dmmmmmm^^m-r^Mm^m^xm^T^j:o\zvxh^ 

0 2 5«, ^Ofl 6 (DUiSM^^^^S^SS^IBS^Sr^f if® 

15 0t&£ o d©^i6<DH«j«, &2 4 0m&\z*m#i'—*?&mmfc 

0 2 5 fC&^T, 1111 3&VttBMHttR 17 1, «g|5A 1 

71, ^IMB17L SMB5A17 2, ¥##:^B172, MMItRl 

7 2, ¥S#:1SB17 3, «g|5A17 3, ¥##4£B17 4, jftiif&A 1 7 

20 ztxmimmmR 173 3^jw^wfc»oT«^»^sn, ymm®m®R 1 

7 1 ^J:C^3^mSKMR«R 17 3 tefct, V—fZl*— Fa*0Efc£*iW&. 
£ }ft£&g&^R 17 1, R 1 7 3 fcftS&g&^R 17 2 £©IB&f* 

ras^te&fr* <t 3 wust, ^iHmtlcRl 7 1, R 

173 tt¥»<w»"e*^rr« n ta*-?^, ^#^k^r 172 

sfc,i»Ai 7 i~ai 7 4tett,¥»*fiW©*r^&*«rr*2:t5&«T?*, 

fc, ¥##:&B 1 7 1~B 1 7 4fet, ft4HftKMtR 17 1, R 1 7 3 0i»t 
H-£fcSJ:5te«J^5;i£a*T#«5. iiA17 1-A17 4*j:tf 
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¥##:1£B 1 7 1~B 1 7 4W3t«^|ftft^* < k5fcE«$tU»*U<>4, 
*SBA1.7 1-A17 4&&ZPtmiffiB 1 7 1~B 1 7 4Uym®35m\zMls 

*LT, 17 1 ®tt«J;^immB 17 1 0J*3J& ftBttttlMR 

5 17 1 tpgUA 17 1 <h0#®TS$*U&»*, *PlgBA 1 7 1 £¥##«B 1 7 
1 fc©Mn?KI*Lfc3k ¥##MB 17 1 tiggPA 17 2 <h0#MTKttLfc 
ft, ?»S&A 17 2 tfi^B 17 2 ^©MTSMbfc^^^^^B 1 
7 2 <hft#&8SM^R 1 7 2 £(DRmT~£iMVrcmz£^xmtb*>nZ>&5\Z*; 

10 #|g&A 1 7 4©i|@^J;aC^S#:«B 1 7 4<D/P£te, ft#&&ffi$R 1 

7 3 t^SPA 17 4 £©#WTSt* b£ft#t, MfflA 17 4 «h¥##:«B 17 4 
t©MT?Kltbfc3t^il#«B 17 4 tmmA 17 3 £©#®T«EltLfc3k 
PS&A 17 3 L^mtemB 1 7 3 £<D$m~?BLHVityt& < i:Zt¥m4*WLB 1 7 3 
£ft3H«&«*&R 17 2 ii<DmST:RtoV1tyt\Z&iT®lsb ZtlZ^lZ^tl^ 

i5 nswer^jitj^T**. 

-rtsitt, 1 1 i_tfcfcj:, m&m 1112a, 1112 f$$&zt 

nrm 1 1 1 2b-i 1 1 2 e^/isn, ^tn 112a, 1112 f%>& 

«a7Illl2b-lU2 e Jtfcfct, 1.1 1 &ftft«««B® 

±85^ 9 v HJB1 1 1 3 a, 1113f, 1 1 1 3 b-1 1 1 3 e^n^tli 
20 Jf $nTV>£> 0 ¥##S1£1 1 1 l&&Zf±B>7?y KJ1 1113 a~l 

113ftLTH InP, Sttll 1 1 2 a, 1112f^n7 

®1112b~lll 2etltlt 0fl*.fc£, WLSkl. 5 5itmOGa I nAs 

p*i^«cims. £&, ¥«y*36Ki i i l^nitu ±as 

H® 1113 a~ 1113 f §pItT5Ci^Tt§. 
25 -ebT, EHMl 1 1 2 a, 1112f^<];^7I1112c~1112e 
±\Z±.fflt7?y F* 1113 a~ 1113 f 3W»»$nfc¥#»««l 111ft 

4 a, 1114 b, 1114 d, 111 4 e ft^j&T£ £ t fcn, «1 1 1 4 b 

a, 1114 d^53f)traiH^w-BrrTEiBsnfcia«K 1 1 1 4 c 



WO 2004/088802 PCT/JP2004/004517 

58 

111 1±I3^T5. iinfcJcD, ^#^gS0^Rl 71, Rl 7 3K*fJ&L 
T^tt® 1112 a, 1112f Z^ft^timm'TZt ¥##«B 1 7 

1 ~B 1 7 4 £*fJ&l/TnyJ! 1112b~1112e tl-6frlIEiKT •§> £ «fc 

5 JE-l/Tx ^5yHI1115a, 1 1 1 7 a^Stlfc37i 1 1 1 6 a$j|f 
1 1 1 4 afciia&&tr ^5yFilH5b, 1 1 1 7 bT&^tlfc 

37ii 1 1 6b^ti 1 1 4h\zmtb&tsz.t\z&r), ytmm&m®Ri 1 1 

iXIWMWR 1 7 2 £©|IMcEfi3nfcifWBA 17 1, A 1 7 2 ZBlfc? 2> 

10 £fc> 1 1 5d, 1 1 1 7dT^tlfcaTJll 1 1 6d§fl 

1 1 4d\zM#>&t$ Lt<b\z, ^7yH11115e, 1117 eTifcisti&n 
XSl 1 1 6e§|l 1 1 4 e 0, ftttttBHHttR 1 7 2 t 

wmmmmR 1 7 3 i©rafcffi«sftfca*B&A 173, a 1 7 4 *^-rs 3: 

15 ^7^1^11 115c, 1117cT^tnfc37llll6c&|H 

gUll 14cte«»&tt;i£fc«k?K MA17 2, A17 4^«#«B1 

72, b 1 7 4 ^n^nmxxmm^nrcytmmmmmR 172 &j&«*rs z. 

±^7>> HJB 1 1 1 3 a, 1113 f ±\ZW.M1 118 a, 1118 

20 b tttvetiwjstfrz t£%\z, ^mwmm. 1111 (ommzmm mscs 

HCT, nyjll 116 a~ 1116 e©tpibttt, 09^H BCBSffl 
V^dt^T^, ^7yHSll 15a-1115e, 1117a~1117e 
25 O^ibTH 1116 a~ 1116 ei!3W$»^ 

fk<Dmffi&mmm-m&&m?zttw&m\<*TytmmmffiMR 172* 
0, ^<caH»&««fc»UT--)et , r*2:t*«T*» !f©»«jft*© 
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^te^-#-T^«fc , 5^LT% < fc<, frmMMW. (DFB) 
KltS (DBR) fcZ&tm-rZ&SlzVTb&Ko 
5 ^1411 112a, 1 1 1 2 f &<££*3XJB 1 1 1 2 b~l 1 1 2 e CD 

h> *\ mmm&mmmzmt-z^rcm&miftm (g i -) s cHtvx%^\ 
m&mi 112 a, 1112 f (D^mt. jvvz. mqw (^mm^R 

IZlsXh&^o $5>fc, WBdWbTfc, I nP&J;££Ga I nAs P<DU&& 
■t>mz®iMZnz>Z\tf£<, GaAs, AlGaAs, InGaAs, Gain 

n a s tza&n<Dttniz^xmm^m-?foz> 0 
15 &±mwi>rc&?\z, *^w<D%i2(DmM]&m\z&n& f i3t»ti2 

^ ^mi^<D^\m^nf^^mv^mm^^^mmm^mi^mm±iz^ 
B\zmmt%> z\ ttfHsmtfcZo 
20 c/u ^-x#-M%mwcy6mm&&&z$yt7 £ /u x> 

mz, ^mM(Dm3(Dmmmmz^mmytm^mz^xmm^mvu^ 

zzh ^Wizv-D-D, mffimfimwzmfc&mwi&miz&tf&KM&&tfm&T 
\z&z>m$imm&&{&ML. ^m^mm^izmm^m^ytm^^^zsyt^ 

mwz^xmmt^o 

mx&Zo m2 6 iz&^T, ¥m&mu 1200 \z\$, w, 1 m$L& 1201, m 
2m^mmi 2 0 2&&z*%z3mm®i 2 0 3-t)mf&tsn. %z2mfcmmi 2 0 
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2 sg 1 m$L$& 1201^3 m®$& 1203 £<Df%\zmmznT^z>o z. c 

Tf» II »»8S 12 0 1 3#}&8§ 1 2 0 3 ©B3r*ttSV>fc*l, < 

«k -5 teiwrr* £ fcj&sT*, ^ i mo* 1201^2 nmmm 1202^1 

• 5 43 3 1 2 0 3 «¥»##**T?*J3&TS £ H 2 1 

2 0 2(MWO^tMt§Ct^f 5. &*5, I2$tf^l 2 0 
2©#Jft£l/rWu Wtfcfc l**ft#'J7;^a^^^iJl/-h (d-PFM 
A) tzE&m\t*Z>ZL %>o 

Ill»12 0 ltS2i»I«l 2 0 2MM1 20 4tt, H 

io i 1201 <Dyt<D fcmjjmiznvTm< £o\zmw?z> z t&-c^z> 0 * 

fe, £2*&Mtl 2 0 2 £fg3*gi&8&l 2 0 3£©^#®1 2 0 5WU Hi 
1 2 0 1 1 2 0 2 <h©^#® 1 2 0 4 fc:m*«3te©JB&r#l5] 

©3a6ft»±fc#bT«<j;5teKflrr s^tms, 111^12 

0 1 ££!2#$r^l 2 0 2 £©^#® 1 2 0.4fc£fr£ft©JSfFf#lRl©Jffi:gS8 
15 ±l:^UT, I2itf^l 2 0 2£:K§3i*&8§l 2 0 3i©t#il 2 0 5* 
^2i$Ml 2 0 2tm3#MS§l 2 0 3M#®1 2 0 5(1 

&nzy£<Dm$T&faifif&3mw6i 2 o 3©3t©e»^fc— srr*± 5 lasst 

nntC«fcO, Sglag&l&l 2 0 l£l£3#i£j?§l 2 0 3£©rateJB3r*Sj&*Str> 

20 fc^s^2#^^ci 2 0 2^mmvrz.m^\z^xh. mimm&i 201 

iSg23£i£f^U 2 0 2 £©ig#®l 2 0 4*«k«»2i«t«*l 2 0 2 t%Z3 

mm.mi 203 £©#Mf 1 2 0 5fc*msEit&4s«u ^oasffcjjsa* 

tUt>%, H 1 120 1^2 S&iHgc 1 20 2di, *©IW©«£#m 

25 120 Aimimw&i 2 0 i©3t©e«*iftte5ttbT«<<k'5fcaattsnw 
»i#»asi-2 0 if>mmmte&Mm*mi&rz>z.t&mm-? zzt&x-zzo 

Iffilfc, !2itMl 2 0 2 t^3^j2Sl 2 0 3 tfcJu -^©^©^#® 1 2 

0 5tfft2*Mttftl 2 o 2<Dy£<D&Mxm\,zttvxm<&5\zm%zisnT^%> 
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fc8&> fg2#i£Gg^l 2 0 2*M3M1 2 0 3M«)^^m 

T & ^ t %®m.-r £ £ t^^^, 0 

ff§2ig$c^l 2 0 2^3»1 2O3t0^ill2O 
tt£}fc©E#T#ft£Sg3#$:j8l 2 0 3 0^0^Sl^fR]^-ifi:^ii:^^t}c<i:^, 
5 2 0 1, ^2^^1 2 0 2cfe£<^fg3alM&l 2 0 3 ^feW? 

&»*\ iii^i 201 t:m2mmmmi 202 1©^® 1 2 o.4&j;tf 
^2m^.mmi 202 ^3^esi 203 1 205 ^^th^t v 

tcM&\Z&^Th, Ili«12 0 1, l2it«1 2 0 2M^3it 
SSI 2 0 3^?>tinffl-r^i:Srg&jl:f ZZtWV&Zo 

10 c<d^,^ 1 1201 ^^xuvrcmt^mzit^x^fsim^. 
mim®.&i 2 0 1, m2mmmmi 2 0 2cfei^3^g§i 2 0 3&&mv 

T, 13 1 20 3^5. ttimtZ Z\ t 

^1 *H$#§ 12 0 1 (D^O^fil^loIfc^bT^ 1 1201ti 

2 1 2 0 2 t&mftm 1 2 0 4 ^M^§^> ^-(D^® 12O40ffi 
15 ^^U^-X^-^l^fcT^^fC^-r^^t^^^,, fil2S$c 

MK1 2 0 2©^©e##fafc#bT»2#ifcfia«l 2 0 2 <h|g 3 1 2 0 

3 £<Dmmm 1205 -e©**® 1205 ®^^i«^u ^.-x 

^— A&tt&TJ;5K:i8teT*££;&**e&<5. I2^mi 2 0 2CD 

^j&izttisTjtmmzfcz&^iz, mimmsi 2 0 i&&zm3mm&i 2 0 
20 3$i2#titi2 0 2\zmmr sc^at-M*. 

£*Uc:«fc0* 2 0 1 <h|g22gi&^l 2 0 2 t<Dm&mi 20 4 

&&Ztm2m$Lfmi 2 0 2 il3iMl 2 0 3 1 2 0 5T?©RS* 

^fgM-r^iit^iiigtboo, mimwmi 2 0 1 t^3tiss§i 203^0 
25 z\(Dtc®, mffim<Dmt£%ttmmAtsnrzm®.&mo&m*nm?&t£®\z, 

z\<Dr£&, mmmifisiwzSite&ttft&mimm&i 201 £fg3#$tggi 2 

0 3tO|HJfcifAUfc»^fc:*ViT'b, Bift»Ja#c*£plBILoo, ISB^iyf 
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mm&i 2 o i&&zm3mw&i 2 0 3<Dftmm\z&wz>mm®.<D%tt.&mm 
5 i2 7ji m2 6<Dmimwimi2oi&£zsm3mm&i 2 0 3<D®3fcmi& 

&7&-?Wiffim-C$>2>o ®2 7\Z&^Ts afMS#««U 2 0 0±lCt4, UTMl 3 

0 i^±^7yFii 3 o 2^mmm^nx^o tvx, ±n^^v 
Hii3o 2, nrii 3 o 2 oi©±^it ytmmjfa 

fC^oTX h7-i7mZ31y^>tfmm£n, ±^^y HS 1 3 0 2, 371 
10 13 0 1^J;CX¥^#*^1 2 0 0 0_b^<DM#Jfc«> 1 3 0 3, 1 

3 0 Aifi^n^tm&lEtVZ^&o 
Z.n\Z^, ff£l*»&8&l 2 0 l&cfctflg 3 1 2 0 3 £it&jA^\^n 

(bh) ^tt-^ei^^T?^ ^iRi^iHD^^pjtgibT, mim$i& 

12 0 1*3J:^3^{^1 2 0 3\Z&WZ>m®.m%:&&M-rZ>Z.ttf'V%2> 0 
15 1 2 0 0, 7yHI1 30 2 130 

3, 1 3 04tl/ta, M;Lfe£, InP, 37I13 0 1ibTH Mfcfck G 

alnAs P&m^%>Z.L't)$'V%Z> 0 
£fc> 3711 3 0 143<fctf_LgB^y FJil 3 0 2§^1«1 2 0 0± 

t«Mit5^ MAfcf, MB E (mo lecular be am epi 
20 taxy) , MOCVD (metal organic chemical v 

aper depos i t ion) , ft^ttALCVD (atomic la 

yer chemical vaper deposition) S;£©Hf^ 

m2 8tt, ^mmomi s^mmmizm^mwtm^ommm^^'r^m 

25 mT&Zo m 2 8 14 0 0 ft 1 14 0 1, 

2ag&8&l 4 0 2&&Ztn3mm&1 4 0 3;«^£n,ffl2#$Eg&l 4 0 2te, 
» 1 *»K 14 0 1 3 14 0 3 t OMtElSnT^S. C^T, Sg 

1 14 0 1 £ <£tffg 3 3g?&8& 1 4 0 3 ©JS^teS^tC^b < «k 5 

inijrr* £ is i 1401^2 mwzss 1402 £©jB$r*«£ 
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3 1403 \zmmfcttw-?mi$rr%> z. m 2 mmm 1402^ 

I1W140 l£ff£2#ifc]&14 0 2£<Z)^#®14 04fck Hi 
5 ^i&S&l 4 0 10^©e»^^bTM<<J;5{ciBS > r^^<i:^#^ 0 Sfc, 
^2f«1 4 0 2tf3i«14 03tOt#ffil40 5tt, 
401^2 mW6 14 0 2 i<©^#@ 14 0 4 fc*ttS3fc©JB#f^|^©3PESi» 
±\ZttLTm<&5\zmW?Z>Z.£it*-C$Z> Q Z\ZH\ IliittSl40 1t» 
2 1 4 0 2 £<om.¥m 14 0 4 fcfettS3te©JB«f^CD38i;&»±fc^UT, 

10 &2&&&1 4 0 2tl3iWl 4 0 3£©^#®1 4 0 5 &«W-*«#, J§ 
2 1 4 0 2^13 1 4 0 3 £ <£>^#ffi 14 0 5 fc* W*3te©®«f* 

iw$t 3 1403 J: o feasors £ 

^tl&©iMl4 0 4, 1 4 0 5 0«l4fttt^Ua- X?—&&m 

ret ck a ic*n*nt«rr * £ 1 1> h 2 m&m 1402 of ,#jc*f itm 
15 mzuz>&t>\z, mmm&i 4 0 i£>&zsm3mw.mi 4 0 3^2ms^i 
4 0 2idg$rr5££^T^5„ 

H2 9tt, H2 8©m2«^14 0 2O«BS«^S^-r»f|S|gTfe*. 0 2 
9 fc;fetr*T, ^m&Mffi. 1 4 0 0 _hfcte, 2 7 y HS 1 5 0 2 ICTMfflSrffl^n 
^371150 1 ^StlTV^. fcufe, 14 0 0 £ bttt, MA 

20 InP^§r«^ 0 Sfc, ^7^HI1 5 0 2Mt;37I15 

^;i/^-n^^^U I/— b (d-PFMA) fc£&fflV>«H£3&*T#*. 

D , fg 2 mWi& 14 0 2 £ d <h£ SHU t 

^lilSSHO 1 i!2fWl 4 0 2 <h«® 1 4 0 4^iU5I 
25 2 1 40 2il3 1 4 0 3 £©*JWff 14 0 5 -Z?<D£tt£{&Mf& 

02 60ilitS&12OlM^3i«12O3> i28©^l 
M14 0 1> »2»JSEB&1 4 0 2*«fcr/Sg3»Sa»1 4 0 3fcilUTtt, # 
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5?a»SUfr*»/ W * D-mm&^&m v> Z> «fc 5 \z VX % ck v>. 

Jlf^^o^icJ; D ^> H-f y ^£ftfc#ltK C&a6'\xn«jg ( S C H)^>, 
5 a^Sr^W^^b$^feM^l-®JFf¥ (GI-) SCHtLTfei^ 

£<> ^(Dwmt. ;vv>7, mqw (#m*^#F) > 

10 MLTfe,' I nP^Ga I nAs I><Dffi.?f-&t>1£lzV&fe-£tlZ>Z£f£<, G 
a As, A 1 GaAs, InGaAs, G a I nNA s t££&m<DttniZ~z>^X 

$e>(c m2 6<Dm2mwim.m,i 2 0 2&&z$m2 8<z>H2i»«&i 4 0 2tc 

^rz\x, m%.& m2 6<Dm2m&mmi 2 0 2^2 8<Dm2mm&i 4 0 

mnm.mfrffi$k&m'r2>ttn t ltji mfcfjp mm a &m v> * z\ ttfx&z> 0 
ut> m2 6&&z£m2 8<Dmmm<DWi^WM^^y)mm\zmm-r^o 
25 030 ®mmomtii%mmom&m\zmiAHVfcM&<DAMM tmtftM 
t<Dmm^-rm^mx$>^> 0 
m3o\z$>^x, mffimN^mmifrzmffimN^mnmnzxttfie 
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•^•LT, A#t£ 9 x ifi?\) 6 B \Z-~%Ct2>m&. (4) cfcrJC( 5) 

jfcfc&EJTF© (12) S^tJfi^. 
5cos^ 1 =sin^ 2 

:.e 2 =7t/2-e x ... (i 2) 

& 1 1401^13 1403^12 m&mm 1402 \zmmt 

. ^^ItfcckD, I1W14 0 1 ££2#3ft1B«l 4 0 2tOtMl 4 0 4 
10 *5,fctf!g-2#ifc««l 4 0 2t^3Wl 4 0 3 £<DMRmi 4 0 5£&tt<5 

^^^UrL-x^-^i^— it$i±§ii^<&Rrtgtb^^ mi#i&s§i 2 o 

1 hmsmU^l 2 0 3 tO^^SVifc^fftT^Cli^nltl^^^,, 

03 0#> £93 Sfc, S^N^^KrtSr^-r^fRltSSf 

^N 2 O^R|*J/&#^f 12 te, OT© (13) ^T^-T^t 
15 #*Ti*3 0 

0 12 = 7t/2-2 0 x . . . (i 3) 

03 m, mmmN 1 (D^}mm^^mmmN 2 <Dmnmizm^A^vrcm^(Dm 

faVffctM 9 1 2 fci\ 0 2 6 <D^T«> fg 1 12 0 1 SrftTWStT 

20 t. M2mwmmi 2 0 2 &yt&mwcrtt$i i2 8©Mm 

s 1 i4oi0^foi^^2 mm.m 1 4 0 2 o^iri t ©^-r^i *^-r 0 

H3 1H^T, m2 8(Dmj&&W\ZtZ>t, ^litHl401i^2ii 
1^1402 tcDSJJf^lt^ 0 . 9 fg.l 14 0 1 ©ajfsfSj&S 3 . 

2 1^5tt5^l2MKl4 0 2©ja#T«$2. 8 9) -e&ZftZt. 
25 ^ 1 M 1 4 0 1 i:1 2 iStK 1 4 0 2 i:®^ 5 ! 2 fi6SISi:&5. £ 

(Dtctb, WXl*. fg2 3»$ti®l 4 0 2Gm&&ti*l 0 umT:&Z>£?Z£. fg2 

mm 1 4 o 2 a> e, ©^<z>tHit&«te8i 1 1401 ©ms»±^ ^um 
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iiiwi4 o i tM2mm&i 4 o 2£<Df$-?fte 12 \ti 2iii, m 
i»i4o i£w,2mm&i4 0 2t<Dmmm&&o. 7\zt^t, mim 

»14 0 lt^2#^g§l 4 0 2t<D)fc?M0 12 te2 OSmM, fgl#$cg§l 
4 0 1 £H2#&I&1 4 0 2 £<&JS#f¥Hsa*0. 6f;n&3<h, HW140 
5 1 tm2mm.mi 4 O2iO^0 12 «2 Ili$Sll4 Olti 

2Sgi£8gl 40 2£©JS#T^i£#*0. 5£&S£, ffll^iM&l 4 0 1 t$£2m 
Ml4O2iO^0 12 tt3 7ggg^0> Ili^l4O10lSi 

z<Dtc®.m i «&8§ i4oiti3 mms 1403 1 sit«s±^@aMTs <^ 
10 yt&®m&<mmz&zz£ifiv&te<i3iz>i!j*, mimm$&i4o itm2mm 
gs 1 4 0 2 iKomtn e 12 m 2 m$i& 1402 o#^s^^$^t, 
iii^i4 0 i<Dm&m±fr*>&3mm&i 4 0 3&-rsbTEirr*££ 

15 (3) ifc- (5) 5£:fe<fctf (1 2) 5££DBJ 5 N^N^^Xnt 

«^t«, mimw&i4o l&zzfnsmm&i 40 3<Dmm&ifi3. 12. 
m2mm&i4o 2<Dmmm&i. 54-e, 11^1401^2^1 

40 2 £<Dm$tmittfO. 48-V&Z>t?Z>t, ^ll»14 0 1^&l2i 
20 Wl4 0 2^Ua-X^9 B }i2 5. 6E B^0 2 }t2 5. 

jSl^mi4 0 li&2#«a»14O2.£©JfrrA0 12 «3 8. 8g££ 

-^,I2W14 0 2^^3i«14 0 3^©«£-fci, (3)5£~(5) 
iM3<ktf (12) 3U:DW&J&>fc«fc3fc, fgl#$t8&14 0 lil2#»14 
25 0 2 t©I^^An#^.fci^fc|BSt§0^ ^Ua-^-^0 B tt6 4. 
4g, JB$T*&0 2 tt2 5. 6I^§„ 
tot, 02 8©f§2#i££g^l 4 0 2<D*mzMVT)mm\ZUZ>£.?\Z, 

mimmmi 4 0 nsztmsmimi 4 0 3&$2«&mu 4 0 2\zw^r 
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i mm& 1401^3 i 4 o 3 t &m ^mm^mzm^ x^mrr^> z. t 
tfvsmttz v , m>TL&^<rumm*m-om, i mm hoi & &zm 3 mim 

1 4 0 3&««tt<k<f^Sl-r*C:i^T*«. 
5 H3 l3^6«*J:5fc, fgl$&j&l 4 0 1 £fg2#&E§l 4 0 2 £<D 

mmmtt&o. 4issoi^ 11^1401^2^1402^0 

^"TA 0 ! 2 fc*4 5g££-f 3 £ HI 1 #i£8§ 14 0 1 ^3i» 14 0 

3 £©#fa&SW£il3S£i*£;i£an?£3. 

m 1 14 0 1 &<fctf fg 3 mm 14 0 3 ^f^®^^ 

io mvitm&iz&^Tib, &mm<Dmm\tmw&z>fctb. mimm.mi4 oil 
m3m$L&i 403 h(D^fa&m^\z^ft\zT&z.t.immt.-t3L%> 0 

mz, IliSKHO 1©JS^SN^ £l2&$6i&1 4 0 2©a#f2P£N 2 
if St, Alt®fc¥fTfcj£#©^#Rra£JTF© (14) ST^SCi^T? 
fi., 

15 R=l tan (^-s in -1 (N 2 /Nj s i n^) ) / 

tan (0 x + s in" 1 (N 2 /Nj s i n 6 x ) ) | 2 •••(14) 

CTfT^:^©MWi©M#^-rEITfe^o g|3 2©0ra3u ^li 

&8&1 4 0 l©®^SrN 1 =3. 2 1, Sg2#2&i&l 4 0 2 ©E8f*£N a = 1 . 
20 5 4<hbfe 0 

H3 2fc*5Wt\ AMftd ^mtiaTZlzmnT. AW®fc¥ff &^©K» 
^RteiffMU Att^0 l *^Ua-X^-^0 B =2 5. 6SH-|jlfePtllS 
arasR#0£:fc*. -ebT, Alt^ei^Un.-x^-^eBSr^^i, Alt 

25 3„ 

£KatA0 A «£TF© (15) 
0 A =s i n" 1 (N 2 /N,) • • • (15) 

SltJ*SR*Vi^<^*AltA0 1 tUT» AftA0 x #O £©!$©£# 
^R© 1 /3 ^-X^-^ 6 B ©4/ 5 ©££#> 
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AMfiO ^ (16) 3£fc«kl)#&£J:£#**T?ff*. 

49 B /5^0^0 B +2/3 (9 A -« B ) • • • (16) 

\ztt-rzmimm&i4o i £m2mm&i 4 o 2 tom^m 1 4 o 4£<dj&? 
m&7V3l-x?-<%o B te-m-i£i±z> z.£\z&q, m^-rn 1 4 0 4 cw^^ 

10 #>e>, & 1 mm® 1401 *e#-r«3tett, ^® 1404 \z&2>m i k*%.tt2> 
ztu<, m2m%imi 4 0 2\zM.T&-£i±2>z.£tfT:%z> 0 &tc, xst&e^ 

15 S 3 3 (C*5ViT> 1 6 0 0 tCfek fg 1 16 0 1, fg 

2#$[|&1 6 0 2*<k^l6 3J»?feKl 6 0 3t>WJ&Zn*$&2mm&l 6 0 2 fcJU 

& i mm& 1 6 o i tm s mms& 1 6 o 3 tvmzmwtsnx^&o z z-v, % 
\mm \ 6 0 \&&xmzmm\ 6 0 3<Dmmm*E:wzmi><te%&5iz 

WtfeTZ>Z£W7?^Z> 0 ^1S^8S1 6 0 1 tI2iWl 6 0 2 tCDM 

ssi 4 o 2£©a#r^jtteo. 4 lgftttat^ts. 

iitftKi 6 o itm2mm&i e 0 2t<Dmwmi 6 0 4^^ 

2 mtm 1 6 0 2ti3 1 6 0 3 £ (OmM-U 1 6 0 5H ^©AM^^ 

25 cniCfcD, KtlS&g&l 6 0 li^2J»JftBSl 6 0 2 £<Dj&rM&kzm 2 
6 02^3fWl 6 0 3£©j3trfc*-£tt*n4 5«i*rS££]&* 
$1#&%1 6 0 1 t»32»»a»l 6 0 3 t0^^m^zW.^fi?>Z 
£tfv>imtfcZ>£t%\Z, mmfflSl 6 O ltl2i»l 6 O 2tOt#® 
1 6 0 4*J;rJS»2#»ISl 6 0 2tf3tMl 6 0 3t©t#Il 6 0 57? 
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W1 7 0 2, I3i»1 7 0 3, ^4^g§l 7 0 4^ck^5#^l 
7 0 5^^$nTV^„ ^LT> ^2iiMl 7 0 2 fc£> fgl#&i&l 701 

7 0 3 £Sg5#i£g§l 7 0 5 <h©^1iC@H«$tlTV^ 0 
10 eiZLT, fgl^jgl 7 0 1, fg3#i£]&l 7 0 3 430:^11 5 #$cS§l 7 0 5 

<D®ffim\zm^z^v<tez>&5i l zmfe-tz>z.£tf'v%. m2mmmi i o 243 

£^IH4#&i&l 7 0 4(Z)a*Ff^SV^C^b<^§<fc3 t^-r^Cli:^T# 
3o Hl^i&i&l 7 0 l£3l2#$Eg&l 7 0 2i:<7)®Sf^«SU^^§ 

ckp^^T^r^^^o wak*, mimm&i 7 0 i> fg3#&g&i 7 0 
15 3 &&xm 5 1705 z. % 2 m®.$& 1 

7 0 2&&zt$£4m$mi 7 0 4tt^#^^©«»-c«^rsc:t35«T?#*. 

mmmi 7 0 i<D?£<DtemxmzttisXM<&5\zmm?zz:t&^2>o&tc, 
m2mw&i 7 0 2ti3iwi 7 0 3 Lvmzmi 7 0 7 a, mmttsi 

20 7 0 1 £H 2 1 7 0 2 <h£>^|Rg 1 7 0 6 tC^&t5^©JB^lRlOM^ 

2»S851 7 0 2 t®t#ffi 1 7 0 6 fc^ttS^©JB«f^|Rl©aEftl8±fc^bT, 
ff£2#ft&l 7 0 2t»3i»Kl 7 0 3 fc©80Wffl 7 0 7 31 
2 1 7 0 2^3 1 7 0 3 t <Z>J^#® 1 7 0 6 fcfcftSftCDJSar^ 

25 wig 3 mtm 1 7 o 3<o3fe©e^i^K:-HR-r*<k'5te:aa3e*r«Jii:*«T?**. 

^3^S§1 7 0 3tl4Wl 7 0 4i©ifll 7 0 8 fck % 

3S^ssi 7 o 3©^©^js^iRi^bTM< £5\zmm*rz>z\ttf-e%z>o £ 

fc, i4iSKl 7 0 4^$5$^1 7 0 5 t©«*liil 7 0 9tt, il3#$c 

B§ 1 7 o 3 tm4mm& 1704 tom^m 1 7 0 8 icw^oa^ft©® 
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tt±\zttVTm<&5\zmwfr%zLi2ifi-c&z 0 z.zx% ^3^1703 
t.mrmm 1704 t<DMRm 1 7 0 8 \z&nz>yt<Dmffij5fa<DM&m±izM 
lt, m4mtm 1704^5 mm& 1705 tomms 1709 &mv}&m 

^> fft4#&g£l 7 0 4tl5i$^l 7 0 5t©t#Il 7 0 91:^^^© 

M%-\£, UnSOUHfSl 7 0 6-17 O90«»Afl^Ja-^-A** 

"5^ Htl#&&&l 7 0 l*5«fctXfg3 2*ifc&l 7 0 3§I2W1 7 0 2Cg 
10 $£4*»&1 7 0 4©tf»^fc*fbT^«5fc«:«J:5^, fg3 

7 0 3Mtfi5iWl 7 0 5S!4i»l 7 0 4 tegSMrTS E £ 

£*U:J;D> utl^CtMl 7 0 6-170 9 T©Kft'£iE»-r<5 H £ £ bJ 
UfcfeCTifcSfc*, fgl^&B&l 7 0 1, I2i»l 7 0 2, fg3#?£B§l 

7 o 3,m4mmmi 7 0 4&&zfm5mwmi 7 0 5©<m*«ktf^fc£tt, 

25 El 3 5 teu *&W<Dm 5 ©^^^^^^^^^©iEB&^^^T^M® 

H3 5JC450VT, ¥1#M1 8 0 0CH IliWl80L «2«ftK 
1 8 0 2*5j;tffg3aRfe»l 8 0 3*tfctofc3*L IS2#&B&1 8 0 2ft SglS 
»K1 80 lt^3i»»[»l 8 0 3i©WfcEB$nTVi5. 
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bsi 8 o i*<k^si3#jfti»i 8 o 3<Dmmm\&Ktetzmv<fc&&5iz.f®3frr 

Bl^&B&l 8 0 1 i!2iWl 8 0 2 ^JBSfsp&SWcJI 

IlitKl 8 0 1 ii2^tKl 8 0 2 8 0 4H |gl 

mWtmi 8 0 l©3te©€»^|^^bTffi< < fc5^E«T*2:t3^#« 0 *^ 
M 2 1 8 02^3 1 8 0 3 £CDJ^#® 1 8 0 5ft Ul 1 l 

8 0 1 £&2mW&l 8 0 2t(Dm^mi 8 0 4fc*ttS3fc0JB»f^©aES« 
±fc#LT«<J;SteE«TSC£}^**. ilt^l 80UI3 

^«i8 Q3fi m-mm±izmm~?z>£thiz, &mmm \ 8 04, 1 8 o 
5 izm-tzmffijjfoizttjfcv^-D. m i ss&bs 1801^3 *n«& lsost 

M^fcf, HtlS©«E»® 1 8 0 4, 1 8 0 5©^^Ua«-7^$i 

fcrj;5te*n*nKjrr*fcit>te, 1211011 8 0 2otwn:tiTi 
*fSfc&£ «k o\z. mi mm isomims 1 s o 3 £sg 2 *&b 
1 8 0 2 \zmMT&z. 
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